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Laminarin is an abundant polysaccharide that stores carbon and glucose to meet nutrition demands of heterotrophic microbes. 
Laminarin depolymerization is catalyzed by microbial extracellular enzymes which help initiate remineralization, a key process 
to ocean biogeochemical cycles with the cycling of nutrients between the depths of the marine food webs. The microbial 
extracellular enzyme reviewed in this paper was marine bacterial laminarinase (6JH5). It uses the depolymerization mechanism 
of β-1,3-glucan, a carbon reserve in algae, to cut polysaccharides into small, digestible sizes for heterotrophic bacteria. The 
depolymerization of laminarin provides new insights to thermostability and substrate recognition. The goal of our protein model 
is to highlight the areas of the protein that are important for the protein to function regarding thermal stability and the catalysis of 
the depolymerization mechanisms of β-1,3-glucan to show the importance of laminarinase for biogeochemical cycling of 
nutrients in the ocean during global climate change. In the paper, it was determined that the catalytic cleft of Glu135 and Glu140 
was vital to the depolymerization mechanism. Substitution mutations to Glu 135 made the protein (PDB: 6M6P) inactive and in 
turn, unable to cut polysaccharides for heterotrophic bacteria. Substrate chain positions 130-143, specifically Trp130 being used 
for recognition, were important to the proficiency of the structure. The calcium ion on the opposite side of the β-sheet from 
catalytic cleft increased its degrading activity and thermostability. The residue interactions with Glc(−1) and Glc(−2) were 
unveiled to be crucial for β-1,3-glycosidic bond selectivity by the enzyme. Previous studies also showed the residue interactions 
were also important to the protein’s thermostability and thermophilicity. Temperature beyond the protein’s optimal temperature 
(6JH5: 20°C) caused by climate change will also decline activity as hydrogen bonds between proteins weaken and being to 
denature. The effects of increasing temperature with climate change can be reviewed by these residue interactions and 
thermostability of our protein and the effects of climate change on the biogeochemical nutrient cycling in the ocean.  
 
Specific Model Information: 
•  A catalytic cleft contains residues Glu135 and Glu140, which are highly conserved among GH16 laminarinases and 
represent part of the catalytic motif. Substitution of either site with alanine (ALA; observed in 6M6P) completely 
inactivated the enzyme, suggesting its importance in catalysis. These two active carboxyl groups are in close proximity 
(~6.7 Å), supporting the space requirement for retaining enzymes. 
• The residues interacting with Glc(−1) and Glc(−2) can be assumed to be crucial for β-1,3-glycosidic bond selectivity 
by the enzyme. The subsite Glc(−2) forms a hydrogen bond with residues Asn52 and Arg88 and undergoes hydrophobic 
stacking with Trp130. The glucose unit of lam4 located at subsite −1 is coordinated by various interactions, including 
hydrogen bonding formed between Asn52 and O3 and O4, water-mediated hydrogen bonding between Trp115 and 
O6, salt bridge between His153 and O1, water-mediated hydrogen bonding between Tyr161 and O2, and water-
mediated hydrogen bonding between Asn221 and O5. Moreover, we observed that both Asn52 and Trp130 participate 
in substrate binding as bridges for interactions with subsites −1 and −2 and subsites −2 and –3, respectively. With the 
observations of Trp130 displayed the stacking effect is likely essential for substrate binding. 
• Observed that the temperature adaptation capacity of the enzyme was reduced by the CBD IV module. LamCAT showed 
50% of the maximum activities at 20°C. Activity decreased with increasing and decreasing temperatures. 









Effects of Climate Change on Bacterial Activity 
• Surface salt bridges (SBs) do not contribute to protein stability at room temperature, but they do at high temperatures 
due to decreased desolvation penalties of charged groups. This could possibly predict protein stability being more 










conditions,	including	salinity,	pH,	and	loss	processes	of	biogeochemical	cycles.	Lower temperatures and lack of 
oxygen slow degradation of polysaccharides (U.S. Dept. of Energy Office of Science, 2008). However, going beyond 
an enzyme’s optimal temperature, activity will decline as the weak hydrogen bonds between proteins begin to denature 
(Burrell, 2015).	
• ULam111 showed degradation activity against laminarin with the specific activity of 224 ± 18 U/mg at 30°C and pH 
6.0. Its optimum temperature was 50°C, and degradation activities against laminarin were observed at 4°C - 80°C. This 
mutation of our protein may likely be more capable of handling temperature change and acidification of the ocean. 
(Mitsuya et al., 2017) 
 
Pictures/information about model 
 
Fig 1 (a and b). Enzyme-carbohydrate interactions in 
subsites1 through4. Schematic representation of Lam-
E135A bound to lam4 (a) and c3g (b). The dotted lines 
and double arrows represent hydrogen bonding and 
hydrophobic stacking interactions, respectively. Water 
molecules mediating hydrogen bonding are depicted as 
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